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© Hepatic graft preservative composition and a method for viable preservation of the hepatic graft 

© This invention provides a hepatic graft preservative composition containing a phosphoric acid diester 
compound of the formula: 
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(wherein Ri and R2 are the same or different and each represents a hydrogen atom or a methyl group) or a 
pharmacologically acceptable salt thereof and a method for viable preservation of the hepatic graft using the 
above substance. 

The hepatic graft preservative composition and hepatic graft preserving method of this invention inhibit 
hepatic microcirculation disturbance following cold storage-reperfusion of the liver to effectively prevent necrosis 
of hepatocytes and is, therefore, useful for the preservation of the hepatic graft. 
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BACKGROUND OF THE INVENTION 

1. Field of the Invention 



Th.8 .mention relates to an improved hepatic graft preservative composition and an improved method 
for v.ab.e preservation of the hepatic graft. More particularly, this invention relates to Habe It 
prese-vative composition comprising an ascorbyl tocopheryl phosphate compound or a pharmacotoqicaTv 

cTm;?und e o S r a lT re0f ^ 3 meth ° d Vi3ble PreSerVati ° n ° f ^ h6patiC ^ Which com^ ri^rsaS 
2. Description of the Prior Art 

unfi.Th a J h^f? 1 T". tr , anSp,antation ' the ^cted from a donor must bo kept functionally intact 

ret i J , transplanted ,nto a recipient. Each kind of organ has its own characteristics and hence 

oZnHn / n ' qUe ^T 30 " Wab,e St0ra9a H0Wever ' the Preservation principles applicable to ali 

organs ,n common are to suppress metabolic consumption and to preserve tissue ATP levels 

mJl Viab »! P:f Se ^ ation of the liver for transplantation, there are two methods, namely the "simple 
cow storage method which consists of initial perfusion with a preservative solution at 4 ■ C and subset 
'""""I™ l" u S,m " ar C °' d P reservative sol »«on ^d the "continuous hypothermic perfusion storaae 
preservative solution is generally employed. s ng a 

As the liver preservative. University of Wisconsin (UW) solution is generally employed However this 
solution has the disadvantage that the reduced g.utathione contained as an active ingredSt i ver ll Te 
and eas.ly oxidized in aqueous medium and. therefore, must be extern poraneous.y added, thus compS 
mg the procedure. Moreover. UW solution is viscous and cannot be easily buffered so that it is n^t ?,! 
satisfactory for preservation of the hepatic graft. Moreover, with the conventional^ pSs^tive solons 
including said UW solution, hepatocytes tend to be damaged for some SaTTSi^X 
deterioration of liver function cannot be successfully prevented 

h^^T' reS6arCh and deve, °P ment eff °"s are being made in earnest for developing an improved 
prer^nTe^r^ ^ ^ ^^ne, disadvantages and insu^gooo grS 

romnn^H " 063861658 research into «» pharmacology of ascorbyl tocopheryl phosphate 

compounds the inventors of the current application discovered that these compounds have an inhStaE 
effect on microcirculation disorders of the Hver and are useful for the viable preservation of the Ze iso.S 

%£ES£r discovery was fo,,owed by further studies which have r6su,t6d in ^:Z*:« 

SUMMARY OF THE INVENTION 

This invention provides a hepatic graft preservative composition containing a phosphoric acid diester 
compZd. 3 3 Pr ° t0C01 Viab ' e PreS8rVati0n ° f ,He h6patiC Qra « which involvLTe use of s Jd 
This invention is, therefore, directed to: 
foLwinn?*' 0 T n preservative imposition comprising a phosphoric acid diester compound of the 
Smpounir 3 ^ 3 PharmaC ° ,09iCa,ly aCCeptab,e 8a « hereinafter referred to briefly as the 
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(wherein Ri and Ffe are the same or different and each represents a hydrogen atom or a methyl group). 

(2) The hepatic graft preservative composition as defined under (1) as provided in a liquid dosage form. 

(3) The hepatic preservative composition as defined under (2) wherein said phosphoric diester compound 
or pharmacologically acceptable salt occurs in a concentration of 5x 10 -9 g/ml to 1x 1CT 4 g/ml. 

(4) The hepatic graft preservative composition as defined under (2) wherein said liquid dosage form has 
an osmolarity of 260 mOsm to 360 mOsm. 

(5) The hepatic graft preservative composition as defined under (2) wherein said liquid dosage form has 
a pH value of 3 to 10. 

(6) A method of preserving the hepatic graft which comprises using a liquid composition comprising a 
phosphoric acid diester compound or a pharmacologically acceptable salt as defined under (1 ) as © an 
initial perfusate for intrahepatic perfusion at resection of the liver, ® a maintenance immersion or 
perfusion preservative and/or ® a rinse for use prior to warm blood reperfusion. 



BRIEF DESCRIPTION OF THE DRAWING 

30 Fig. 1 is a diagrammatic representation of necrotized liver cell counts (propidium iodide (PI) 
fluorescene-positive nuclei; ((x 10 2 /mm 2 ) in the periportal zone (zone 1), midzonal zone (zone 2) and 
pericentral zone (zone 3) of the rat liver after cold storage-reperfusion in the control group and the 
compound-treatment group. 

35 DETAILED DESCRIPTION OF THE INVENTION 



The term "hepatic graft preservative composition" is used in this specification to mean not only said 
initial perfusate but also said rinse unless contrary to the context in which the term appears. 

The compound for use in the hepatic graft preservative composition and hepatic graft preserving 
40 method of this invention can be synthesized by inter alia the process in Japanese Patent Publication H-2- 
44478 or Japanese Patent Application Kokai S-62-205091 , or any improvement thereof. 

The compound for use in the hepatic graft preservative composition and hepatic graft preserving 
method of this invention is already known to be useful as an anticataract agent, a prophylactic and 
therapeutic agent for climacteric disturbance, a skin care cosmetic ingredient (Japanese Patent Publication 
45 H-2-44478), an anti inflammatory agent (Japanese Patent Publication H-1 -27044), an antiulcer agent 
(Japanese Patent Application Kokai S-63-270626), a prophylactic and therapeutic agent for ischemic organic 
impairment (Japanese Patent Application Kokai H-2-1 11722) and a Maillard reaction inhibitor (Japanese 
Patent Application Kokai H-3-1 61444), among others. 

The compound for use in the hepatic graft preservative composition and hepatic preserving method of 
so this invention may be whichever of its free form and in the form of a pharmacologically acceptable salt 
thereof. The pharmacologically acceptable salt that can be used includes salts with alkali metals such as 
sodium, potassium, etc. and salts with alkaline earth metals such as calcium and magnesium, among 
others. Other types of salts, if acceptable from pharmacologic points of view, can also be employed. 

According to the clinical objective and need, more than one species of the compound can be 
55 incorporated, in an appropriate combination, in the hepatic graft preservative composition of this invention. 

The compound for use as the active ingredient in the hepatic graft preservative composition and hepatic 
graft preserving method of this invention is a very safe substance with an extremely low toxic potential and, 
as such, can be used with advantage for the purposes of this invention, [e.g. the LD50 values of L-ascorbyl 
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?00mgAgfvXsr Phate P ° ,3SSiUm referred t0 as E ? C - K > * 5 9*9 P°- fiats) and * 

so.JSlT pre f erV3tiVe Composition of this inven «on can be provided in a liquid form or supplied in a 

s su pended or' ITZtT^ ^ SOlid tam ^ be ^^geously used as'iLolved 

S2T ° r , e ^ m P u " f,ed w ^r, physiological saline or like medium. The solid form includes 

ectS 9ran TK eS ^ P ° WderS ' am ° ng ° therS ' WhiCh Can be actively manufactured byThe known 
techniques. These preparations may contain conventional additives such as an excipient binder disinS 

ton of hepat, c grafts. Among such ingredients are antibiotics, insulin, carbohydrates (glucose mann to. 

Zl' ? S iT* °' V " amin E ' etC ) ' ° r9aniC adds < lactic acid - acid, etc.), nucSc acW bases 

(adenosine tnphosphate etc.). antihypertensive agents (calcium-channel b.ockers. ff -ad energlc amanonists 

Z^ZTZTT 9 9n2yme inhibit ° rS> T* faCt - — ™* 

Collinrr F rr r T r C ° mp ° 1 Und ^ diSS ° IVed in any knOWn ° r 9 an Preservative solution, such as Euro- 
SuPont! ^Jf" h ^ ° f Wisc °™n ^'"«on fViaSpan (registered trademark) produced by 

DuPont], to provide a hepatic graft preservative solution. y 

The proper concentration of the compound in the hepatic graft preservative composition of this 
invention ,s dependent on the species of compound, condition of the liver, and the necessTy 2al of 

aS 6 to 1 10-1 ^.TT 1 ? ,ina ' COnCe " tration in a ■** Preparation is gene^ ZTT^ 
g/ml to 1 x 10 * g/ml and preferably about 1x 10~ 7 g/ml to 1x10~ 6 g/ml 

The osmolarity of such a liquid hepatic graft preservative composition of this invention is adjusted bv 
S^hTT ? ab H° Ut 260 m ° Sm t0 3bOUt 360 m0sm ' Preferab, y abo * 275 mOsm toTbout 320 mOsm 
Jboui 4 ,o 9 ^ PreParat, ° n Sh ° U,d a ' SO 56 adjUSt6d - by kn0Wn means ' to about 3 to 10 preTeSTy 

The temperature suited for the hepatic graft preservation employing the preservative composition of this 
T °k SP6CieS ^ «~**" of compound. condSon of the ITSSSTdSK 

smtss bu .c s 9enera,,y about - 5 * c to 2o - c ■ pre,erab,y abo - °- c - — «-c srs 

^n o~^ ttZjSS^FJS?*" — * ^ — «" 
intr hepat,c 9 raft Preservative composition of this invention can be employed © as initial perfusate for 
intrahepatic perfusion at resection of the liver, © as a maintenance Immersion or perfuSon storaoe 
solut.cn. and/or ® as a rinse preceding warm blood reperfusion. Thus, using the liquid hepatS oraft 
sTbl e l a r e t CO , mP °. Siti0n ° f ,hiS inVenti ° n W ' thin *• temperature -nge mentioned above The fresh Nverls 

t P "T" ° m POrta ' V6in f ° r 3bOUt 1 t0 10 minutes to wash out the blood from he 
Jssue. Then, this mitia.ly perfused graft is maintained in. or under perfusion with, a suitable amounTof the 
hqu,d preserve composition of this invention within the temperature range mentioned ISSlJbSo^ 

ZSt T ^ USi ° n ^ ^ b,0Od 3fter ^P'^ation. the liver is ^JS!7mtSu 
hepatic graft preservative composition of this invention. Q 

EXAMPLES 

anrilS ST*" 9 eXamP ' e and ,ormu,ation exam P ,es are '"tended to illustrate this invention in further detail 
and should by no means be construed as defining the scope of the invention. 

1 " e Patocyte-protecting effect of the compound in the rat live r cold storaoe-reoerfusinn mi.™ 

w ™ e he P a t°cyte- P rotecting 6ffeCt ° f the com P° und in the rat liver cold storage-reperfusion injury model 
."ventn USm9 " "* ^ miCraci ™ ,a «°" ™n»oring system developed by the inventors of tNs 

IL^I, 5 ^ 513 " 063 L - Ascorb y | DL -° -tocopheryl phosphate potassium (abbreviation: EPC-K) 
L^h n ,h V6 m ' r ° m „ ma,e WiS,ar rats with bod y wei 9h's 300 g to 330 g were perfused with Solution f» to 
wash out the blood thoroughly and stored in a control group (Solution ■«*>> and an EPC-K group Solution H 
conta.n.ng 4* 10-M EPC-K) at 4-C for 90 minutes. After this cold sto age. Solution ^ containing 1 u M 
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propidium iodide (PI) was injected at a flow rate of 3.0 ml/miiVg liver weight in one direction from the portal 
vein and after one hour of this perfusion the injury to the cells (severity of cell necrosis) in the hepatic 
microcirculation was assessed in terms of Pl-positive nuclei, i.e. injured nuclei forming a fluorescent 
complex, by the technique of liver microcirculation viviperceptioa The stained nuclear image was input as a 

5 video picture using a high-sensitivity imaging apparatus (Silicon Intensified Target Camera, Hamamatsu 
Photonics) through an inverted type biomicroscope and the number of Pl-positive nuclei per unit area was 
analyzed in the three strata of (1) periportal zone (zone 1), (2) midzonal zone (zone 2), and (3) pericentral 
zone (zone 3) according to the method described in the literature (Lab. Invest. 67, 434-442, 1992). Thus, 
one hour after initiation of reperfusion, fluorescein isothiocyanate-labelled albumin (2%, 100 u I, bolus) was 

w infused into the portal vein and the locations of the terminal branch of the portal vein (PV) and the central 
vein (CV) were determined. The area within a circle drawn with a radius of 70 u m about PV and that about 
;CV were defined as zone 1 and zone 3, respectively, while the remaining intermediate zone was defined as 
^zone 2. A circle of the same radius was marked off at random within zone 2 and the number of Pl-positive 
nuclei within the circle was counted as data for zone 2. 

75 



1) 95%0 2 /5%C0 2 -saturated Krebs-Henseleit solution 


Sodium chloride 


118.5 mM 


Potassium chloride 


4.7 mM 


Calcium chloride 


2.5 mM 


Potassium dihydrogen phosphate 


1.2 mM 


' Magnesium sulfate 


1.2 mM 


i Sodium hydrogen carbonate 


20.0 mM 




2) Euro-Collins solution 


Potassium monohydrogen phosphate 


740 mg 


Potassium dihydrogen phosphate 


205 mg 


Potassium chloride 


112 mg 


Sodium hydrogen carbonate 


84 mg 


Glucose 


3.5 g 


Water for injection 


q.s. 




Total 100 ml 



[Results] The results are shown in Fig. 1. 

It is apparent from Fig. 1 that the composition of this invention inhibits the liver microcirculation 
disturbance after rat liver cold storage-reperfusion to effectively prevent necrosis of liver cells, suggesting 
40 that the composition is of value as a hepatic graft preservative. 

Example 2 



EPC-K 


0.3 mg 


Potassium chloride 


012 g 


Calcium chloride 


15 mg 


Magnesium chloride 


5 mg 


Sodium chloride 


0.8 g 


1 N-Hydrochloric acid 


q.s. 


1N-Sodium hydroxide 


q.s. 


Water for injection 


q.s. 




Total 100 ml 




pH 7.3 



The above ingredients are mixed in the conventional manner to provide a hepatic graft preservative 
solution. 
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Example 3 
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EPC-K 

Potassium dihydrogen phosphate 

Sodium citrate 

Potassium chloride 

Magnesium chloride 

Calcium chloride 

Sodium chloride 

1 N-Hydrochloric acid 

1N-Sodium hydroxide 

Water for injection 



0.1 mg 
0.25 g 
0.1 g 
0.85 g 
15 mg 
15 mg 
0.1 g 
q.s. 
q.s. 
q.s. 

Total 100ml 
pH 7.3 



The above ingredients are mixed in the conventional manner to provide a liver graft preservative 
J solution. " 

Example 4 



20 



25 



30 



EPC-K 
Mannitol 

Water for injection 
Sodium hydroxide 



0.1 g 

59 
q.s. 
q.s. 

Total 100 ml 
pH 7.3 



The above ingredients are mixed in the conventional manner and filled in 2 ml-glass ampules to provide 
an injectable solution. K 

This solution is extemporaneously mixed with an appropriate amount of an organ preservative solution 
35 such as Euro-Collins or ViaSpan solution, to provide a hepatic graft preservative solution. 

Example 5 



40 



45 



50 



55 



EPC-K 


10 mg 


Sucrose 


500 mg 



The above solid composition is filled in 5 ml-glass vials in the conventional manner to provide a hepatic 
graft preservative. 

This preservative is extemporaneously dissolved in a suitable amount of an organ preservative solution 
such as Euro-colnns or ViaSpan solution, to provide a hepatic graft preservative solution. 

Example 6 

Using about 500 to 2000 ml of the hepatic graft preservative solution (4 - C ) prepared in Example 3 the 
fresh cadaver liver was subjected to initial perfusion for about 2 minutes and then stored in the same 
preservative solution at 4 • C. 

The hepatic graft preservative composition and hepatic graft preserving method of this invention inhibit 
hepatic microcirculation disturbance following cold storage-reperfusion of the liver to effectively prevent 
necrosis of hepatocytes and is, therefore, useful for the preservation of the hepatic graft 
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Claims T _ . 

1. A hepatic graft preservative composition comprising a phosphoric acid diester compound of the 
following formula or a pharmacologically acceptable salt thereof. 



CH 3 

! <L- o— P— O— L I J "( CH 2CH 2 CH 2 CH) 3 -CH 3 



20 (wherein Ri and R 2 are the same or different and each represents a hydrogen atom or a methyl 

group). 

2. The hepatic graft preservative composition of claim 1 as provided in a liquid dosage form. 

25 3. The hepatic preservative composition of claim 2 wherein said phosphoric diester compound or 
pharmacologically acceptable salt occurs in a concentration of 5x 10~ 9 g/ml to 1x 10" 4 g/ml. 

4. The hepatic graft preservative composition of claim 2 wherein said liquid dosage form has an 
osmolarity of 260 mOsm to 360 mOsm. 

30 

5. The hepatic graft preservative composition of claim 2 wherein said liquid dosage form has a pH value 
of 3 to 10. 

6. A method of preserving a hepatic graft which comprises using a liquid composition comprising a 
35 phosphoric acid diester compound or a pharmacologically acceptable salt according to claim 1 as © 

an initial perfusate for intrahepatic perfusion at resection of the liver, © a maintenance immersion or 
perfusion preservative and/or © a rinse for use prior to warm blood reperfusion. 
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